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(57)Abstract: 

PROBLEM TO BE SOLVED: To omit the intervention of an 
intermix preventive layer between photoresist layers when the 
step type metallic body is formed as parts of, for example, a 
microactuator. by using a semiconductor manufacturing 
technique. 

SOLUTION: The top surfaces of the photoresist layers 21 are 23 24 2b 

subjected to exposure operations which respectively use S^^ j _ j 

different mask patterns and are set at different exposure %. a i , 

energizes while overlapped exposure areas are included and 
thereafter the photoresist layers are developed. As a result, the 
photoresist layers 21 are removed from the surface down to the 
depth corresponding to the largest exposure energy in the 
respective exposed areas and are removed from the surface in 
these areas. Consequently, step type recesses 23 for molding 

are formed at the photoresist layers 21 and the formation of the ~" \T~ 

step type metallic body is made possible by the step type 2g 
recesses 23 for molding. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The photoresist processing method characterized by what it carries out to a photoresist layer, 
and the aforementioned photoresist layer is developed and a stage type hollow is formed in the 
aforementioned photoresist layer for after that, the exposure part which overlapped two or more 
exposure operations made into the light exposure from which each differs, using a different mask pattern 
being included. 

[Claim 2] The aforementioned light exposure is the photoresist processing method according to claim 1 
characterized by being a thing related to the product of exposure intensity and the exposure time. 
[Claim 3] It is the photoresist processing method according to claim 1 which defines the number of 
times of the 1st light exposure and the aforementioned exposure operation for the minimum value of 
light exposure removable to the maximum depth after developing the aforementioned photoresist layer 
as n (n is two or more integers.), respectively, and is characterized by the light expostire in at least n-1 
exposure operation being xmder the 1 st light exposure. 

[Claim 4] The stage type metal-body manufacture method characterized by what it carries out to a 
photoresist layer, and the aforementioned photoresist layer is developed, a stage type hollow is formed 
in the aforementioned photoresist layer, and a stage type metal body is formed for in the aforementioned 
stage type hollow by electroplating after that, the exposure part which overlapped two or more exposure 
operations made into the light exposure from which each differs, using a different mask pattern being 
included. 

[Claim 5] The stage type metal-body manufacture method according to claim 4 characterized by 
covering the exposed surface of the aforementioned stage type hollow with the seed layer which consists 
of a predetermined metal in advance of electroplating. 

[Claim 6] the aforementioned stage type hollow ~ the deepest section ~ setting — the inferior surface of 
tongue of the aforementioned photoresist layer — opening — carrying out — aa electrode function ~ 
public funds — that to which a group is exposed — it is — the aforementioned electroplating — the 
aforementioned electrode function — public funds ~ a group — seed — carrying out ~ the inside of the 
aforementioned stage type hollow — plating — public fimds — the stage type metal-body manufacture 
method according to claim 4 characterized by what a group is formed for 
[Claim 7] The aforementioned light exposure is the stage type metal-body manufacture method 
according to claim 4 characterized by being a thing related to the product of exposure intensity and the 
exposure time. The photoresist processing method. 

[Claim 8] It is the stage type metal-body manufacture method according to claim 4 which defines the 
number of times of the 1st light exposure and the aforementioned exposure operation for the minimum 
value of light exposure removable to the maximum depth after developing the aforementioned 
photoresist layer as n (n is two or more integers.), respectively, and is characterized by the light 
exposure in at least n-1 exposure operation being under the 1st light exposure. 
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♦NOTICES* 

Japan Patent Office is not responsible for cmy 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] ' > 

[0001] 

[The technical field to which invention belongs] this invention relates to the photoresist processing 
method and the stage type metal-body manufacture method in detail using a semiconductor 
manufacturing technology about the photoresist processing method and the stage type metal-body 
manufacture method. 
[0002] 

[Description of the Prior Art] In this specification, a substrate and anti-substrate side is made into the 
thing of explanation suitably called the bottom and bottom, respectively for convenience. The micro 
machine which equips a stage type metal body may be manufactured using a semiconductor 
manufacturing technology. By the conventional manufacture method of the stage type metal body of a 
micro machine, corresponding to each interstage metal part of a stage type metal body, the process 
which made the deck formation of a resist and formation of the space portion for moulds for the 
interstage portions for correspondence moulds to this resist was carried out, and only the iiumber of the 
interstage metal part of a stage type metal body has repeated the process of this deck. In this case, in 
order to prevent the interchange mix with a lower photoresist layer and an upper photoresist layer, the 
interchange mix prevention layer is made to intervene among both photoresist layers. Existence of an 
interchange mix prevention layer has the problem referred to as making removal of itself, and removal 
of the photoresist layer under an interchange mix prevention layer difficult or complicated while tending 
to become the cause which generates an unusual pattern to a lower photoresist layer with exposxire of an 
upper photoresist layer. 

[0003] JP,1 1-8249,A indicates forming the space of a taper-hke cross section in a photoresist layer by 
performing exposure which changed the depth of focus and light exposure respectively to the same 
exposure part of a photoresist layer. It is only that the method of JP,1 1-8249,A adjusts the depth of 
focus, and carrying out exposure operation in which light exposure differs, using the mask pattern fi-om 
which a pattern differs is not suggested. 

[0004] JP,7-121825,A is exposed [ next ] with the 1st light exposure to the 1st exposure part by the 1st 
exposure operation in a photoresist layer, in the 2nd exposure operation Expose the 2nd exposure part 
which does not overlap the 1st exposure part partially with the 2nd different light exposure from the 1st 
light exposure, next develop negatives, and the corresponding point of a photoresist layer is removed. It 
indicates forming the processing side where height differs in the 1st and 2nd exposure parts left to both 
photoresist layers. It is only indicating adjusting the height of the upper surface after development, and 
the method of JP,7-121825,A is difficult to apply for formation of a stage type hollow. 
[0005] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the method of 
omitting an interchange mix prevention layer and forming a stage type hollow in a photoresist layer. 
Other purposes of this invention are offering the stage type metal-body manufacture method of having 
omitted the interchange mix prevention layer. 
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[0006] . 
[Means for Solving the Problem] The photoresist processing method of this invention has the followmg 

step. 

- Each carries out to a photoresist layer, containing the exposure part v^hich overlapped two or more 
exposure operations made into light exposure which is different, using a different mask pattem. 

- After that, develop a photoresist layer and form a stage type hollow in a photoresist layer. 
[0007] A photoresist layer presupposes that you may be whichever of a positive type and a negative 
mold. In a positive-type photoresist layer, the depth of the removal portion of the photoresist layer 

[ part / exposure / larger / of light exposure ] after development increases. On the other hand, in a 
negative-mold photoresist layer, the height of the residual portion of the photoresist layer [ part / 
exposure / larger / of light exposure ] after development increases. The depth of the removal portion in 
there or the height of a residual portion is decided by the exposure part exposed by exposure operation 
of multiple times with the maximum light exposure in this part. 

[0008] It is arbitrary whether exposure operation is performed from what has small light exposure, or it 
carries out from a large thing. Exposure operation of multiple times in which hght exposure differs can 
be carried out in arbitrary tum. 

[0009] In this way, a stage type hollow can be formed in a photoresist layer by performing exposure 
operation using a mask pattem which is different light exposure and is different, a duplication exposure 
part being included to a photoresist layer. And formation of an interchange mix prevention layer is 
omissible. 

[0010] In this photoresist processing method, light exposure can change light exposure by changing 
exposure intensity and/or the exposure time with regards to the product of exposure intensity and the 
exposure time. Moreover, in this photoresist processing method, when the number of times of the 1st 
light exposure and exposure operation is defined for the minimum value of light exposure removable to 
the maximum depth after developing a photoresist layer as n (n is two or more integers.), respectively,, 
the light exposure in at least n-1 exposure operation is under the 1st light exposure. 
[001 1] The stage type metal-body manufacture method of this invention has the following step. 

- Each carries out to a photoresist layer, containing the exposure part which overlapped two or more 
exposure operations made into light exposure which is different, using a different mask pattem. 

- After that, develop a photoresist layer and form a stage type hollow in a photoresist layer. 

- Form a stage type metal body in a stage type hollow by electroplating. 

[0012] According to this stage type metal-body manufacture method, in advance of (a) electroplating, 
may cover the exposed surface of a stage type hollow with the seed layer which consists of a 
predetermined metal, and or (b) stage type hollow - the deepest section - setting - the inferior surface 
of tongue of a photoresist layer ~ opening - carrying out ~ an electrode fiinction ~ pubhc fimds ~ that 
to which a group is exposed - it is - electroplating - an electrode function - pubhc funds - a group — 
seed - carrying out - the inside of a stage type hollow - plating - public funds -- a group is formed 
[0013] In this stage type metal-body manufacture method, hght exposure can change hght exposure by 
changing exposure intensity and/or the exposure time with regards to the product of exposure intensity 
and the exposure time. Moreover, in this photoresist processing method, when the number of times of 
the 1st light exposure and exposure operation is defined for the minimum value of Ught exposure 
removable to the maximum depth after developing a photoresist layer as n (n is two or more integers.), 
respectively, the light exposure in at least n-1 exposure operation is under the 1st light exposure. 
[0014] 

[Embodiments of the Invention] Hereafter, the gestalt of implementation of invention is explained with 
reference to a drawing. Drawing 1 is a graph which shows the relation between the exposure time about 
this photoresist layer, and the thickness of the resist film removed from a front face after exposure and 
development, when the positive-type photoresist layer of predetermined material is exposed by optical 
predetermined intensity. Light exposure = it is the luminous-intensity x exposure time, and in the case of 
drawing 1 , since optical intensity is fixed, light exposure is proportional to the exposure time. Although 
removal thickness is taken to increase of the exposure time and increases at first, if it reaches a 
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predetermined value, it will serve as a flat in spite of increase of the exposure time henceforth, so that 
the ultimate lines of drawing 1 may show. In the ultimate lines of drawing 1 , the point that change of 
removal thickness changes from an increase field to a flat field will be called "end point." While setting 
the original thickness in front of the lithography of a photoresist layer 1 1 as the residual thickness in an 
end point, by the conventional space formation method for moulds of the perpendicular side to a 
photoresist layer 1 1, i.e., the space formation method for moulds without the stage, exposure operation 
was performed by the exposure time of 5 premiums of the exposure time in an end point, if removal 
thickness H of an end point is set to Hmax ~ PI, P2, P3, and P4 on the ultimate lines of drawing 1 — 
every — it is chosen as a point that the removal thickness HI , H2, H3, and H4 in PI , and P2, P3 and P4 
serves as about 0 Hmax/4, Hmax/2, and Hmax, respectively 

[0015] drawin g 2 -- the exposure time every of drawing 1 - the hollow 12 formed by the lithography 
made to correspond to PI, and P2, P3 and P4 is shown A photoresist layer 1 1 is formed by the upper 
surface of the substrate layer 10. Light is irradiated to the predetermined part of the upper surface of a 
photoresist layer 1 1 by the predetermined mask pattern by the exposure time in PI, P2, P3, and P4. 
Then, development forms the hollow 12 of the depth corresponding to the exposure time in PI, P2, P3, 
and P4 in each photoresist layer 11. Since the exposure time is long in order of PI, P2, P3, and P4, the 
depth of a hollow 12 increases in order of PI, P2, P3, and P4, the depth of the hollow 12 in ?Vs is 0, and 
the depth of the hollow 12 in P4 becomes equal to the thickness of a photoresist layer 1 1 . 
[0016] Drawing 3 is structural drawing of a photoresist layer 21 with which the stage type hollow 23 for 
moulds was formed of exposure operation of multiple times in which light exposure differs. A substi*ate 
layer 20 and photoresist layer 21 side is defined as the bottom and the bottom, respectively, and the 
following explanation is given. Moreover, a photoresist layer 21 is a positive type. The stage type 
hollow 23 for moulds serves as a configuration with which the 1st interstage portion 24 for moulds, the 
2nd interstage portion 25 for moulds, and the 3rd interistage portion 26 for moulds are connected in the 
vertical direction in an order from the top. The vertical direction size from the upper surface of a 
photoresist layer 21 to each soffit of the 1 st interstage portion 24 for moulds, the 2nd interstage portion 
25 for moulds, and the 3rd interstage portion 26 for moulds is set as dl, d2, and d3 (dl<d2<d3), 
respectively. In the stage type hollow 23 for moulds, the lower interstage portion for moulds is the size 
relation referred to as being contained inside the upper interstage portion for moulds by the ******. 
Although one piece each and the 3rd two interstage portions 26 for moulds are formed in this stage type 
hollow 23 for moulds, the 1st interstage portion 24 for moulds, and the 2nd interstage portion 25 for 
moulds As long as it is the size relation referred to as that the lower interstage portion for moulds is 
contained inside the upper interstage portion for moulds by ******, the number of the interstage portion 
for moulds of the bottom which makes a upper limit face the interstage portion for moulds of an one- 
• piece top may not be limited to one piece, but may be plurality. 

[0017] The formation method of the stage type hollow 23 for moulds in a photoresist layer 21 is 
described. A photoresist layer 21 is applied to the upper surface of the substrate layer 20, next is baked. 
Then, each performs exposure operation using the mask patterns Ml, M2, and M3 which have a pattern 
corresponding to the cross-section configuration of the interstage portion 24 for moulds of it that 1st, the 
2nd interstage portion 25 for moulds, and the 3rd interstage portion 26 for moulds, respectively with 
light exposure which is different from an upper surface side to a photoresist layer 21 . The exposure 
operation using mask patterns Ml, M2, and M3 is defined as Ol, 02, and 03 here, respectively, and the 
exposure time in the exposure operations 01, 02, and 03 is defined as Tl, T2, and T3, respectively. The 
turn of the exposure operations 01, 02, and 03 is arbitrary. Moreover, it is the light exposure = 
luminous-intensity x exposure time, and in this embodiment, since the intensity of light in the exposure 
operations 01, 02, and 03 is fixed, the difference of the exposure times Tl, T2, and T3 means a 
difference of light exposure. Since a photoresist layer 21 is a positive type, it is T1<T2<T3. On the 
upper surface of a photoresist layer 21, it sets on the upper surface of a photoresist layer 21 . the part of 
the right above of the 3rd interstage portion 26 for moulds A total of three exposure in the exposure 
operations 01, 02, and 03 is received, the part of the right above of the 2nd interstage portion 25 for 
moulds receives a total of two exposure in the exposure operations Ol and 02, and the part of the right 
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above of the 1st interstage portion 24 for moulds receives the exposure in the exposure operation Ol. 
Then, a photoresist layer 21 is developed and the stage type hollow 23 for moulds is formed in a 
photoresist layer 2 1 . Thus, on the upper surface of a photoresist layer 2 1 , a duplication portion being 
included, exposure operation of different light exposure can be performed and the stage type hollow 23 
for moulds can be formed. Moreover, in formation of the stage type hollow 23 for moulds to a 
photoresist layer 21 , it is omissible to make an interchange mix prevention layer placed between the 
portions of the photoresist layer 21 in the height equivalent to each **** of the stage type hollow 23 for 
moulds. 

[0018] Drawing 4 - drawing 9 show the structure of each middle article manufactured corresponding to 
the process which manufactures the stage type metal body of a micro-actuator. As a micro-acttiator, the 
magnetic-head equipment of the suspension point of a hard disk drive is equipped, and there is a thing 
which makes the magnetic head follow a truck in the radiation direction of a hard disk. The fixed 
electrode and movable electrode which constitute a capacitor are prepared, for example, two or more 
movable electrodes As a thing with the micro-actuator it is arranged around the fixed electrode of one 
center, and a movable electrode carries out [ a micro-actuator ] a relative displacement to a hoop 
direction to a center electrode by adjustment of capacitor voltage The pillar-shaped metal body 34 and 
the stage type metal body 48 of drawing 9 constitute the movable electrode for example, in this micro- 
actuator, and the ctenidium portion of this movable electrode and the stage type metal body 48 are made 
as that to which the pillar-shaped metal body 34 bears wrap top covering for this ctenidium portion, 
respectively, the process before the process of drawing 4 of having omitted illustration before explaining 
the process of drawing 4 ~ an outline ~ it explains On the substrate layer 30, the bottom seed layer 3 1 
and PMMA (polymethylmethacrylate)32 are formed at lower shell tum. Next, lithography which uses a 
mask pattern with the pattern corresponding to the cross-section configuration of the pillar-shaped metal 
body 34 is performed, and the pillar-shaped space 33 is formed in PMMA32. The pillar-shaped space 33 
penetrated PMMA32 in the thickness direction, and the soffit has attained it to the bottom seed layer 31 . 
Next, the middle article so far is immersed in the electrolytic solution, cathode voltage is impressed to 
the bottom seed layer 31, and the pillar-shaped metal body 34 is formed in the pillar-shaped space 33 by 
electroplating. The material of this pillar-shaped metal body 34 is nickel. Next, a photoresist layer 37 is 
formed in the upper surface of PMMA32 and the pillar-shaped metal body 34. In addition, a photoresist 
layer 37 is a positive type. 

[0019] In drawing 4 , the stage type hollow 38 for moulds has the interstage portion 39 for top moulds 
and the interstage portion 40 for bottom moulds which stand in a row in the vertical direction, and are 
arranged at a top and the bottom, respectively. In ****** of the stage type hollow 38 for moulds, the 
interstage portion 40 for bottom moulds is completely stored inside the interstage portion 39 for top 
moulds, without overflowing into the outside of the interstage portion 39 for top moulds also partially. 
After forming [ of a photoresist layer 37 ] in the upper surface of PMMA32, used the mask pattern with 
the pattern corresponding to the cross-section configuration of the interstage portion 39 for top moulds. 
And the exposure operation 05 which made light exposure the value corresponding to the size from the 
upper surface of a photoresist layer 37 to the inferior surface of tongue of the interstage portion 39 for 
top moulds. Exposure operation 06 which used the mask pattern with the pattern corresponding to the 
cross-section configuration of the interstage portion 40 for bottom moulds, and made light exposure the 
value corresponding to the size from the upper surface of a photoresist layer 37 to the inferior surface of 
tongue of the interstage portion 40 for bottom moulds is carried out. The turn of 05 and 06 is arbitrary. 
Then, the middle article which ended the process of the time is developed, and a middle article equipped 
with the photoresist layer 21 in which the interstage portion 39 for top moulds was formed is obtained. 
In this middle article, opening of the soffit of the interstage portion 40 for bottom moulds was carried 
out to the inferior surface of tongue of a photoresist layer 37, and the upper surface of the pillar-shaped 
metal body 34 is exposed to the interstage portion 40 for bottom moulds. The structure of this middle 
article is shown in drawing 4 . 

[0020] Then, the top sheet layer 43 is deposited by predetermined thickness by vacuxmi evaporationo, 
sputtering, etc. on the upper surface of the photoresist layer 37 exposed to the upper surface side of a 



http://www4.ipdl.jpo.go.jp/cgi-biii/tran_web_cgi_ejje 



7/10/2003 



Page 5 of 6 



photoresist layer 37, the side of the stage type hollow 38 for moulds, and the upper surface of the pillar- 
shaped metal body 34. The structure of the middle article which ended the process so far is shown in 
drawing 5 . 

[0021] Then, the middle article of drawing 5 is immersed into the predetermined electrolytic solution, 
and predetermined cathode voltage is impressed to the bottom seed layer 31, for example, electroplating 
of nickel is performed. Thereby, the plating layer 45 deposits on the top sheet layer 43 by predetermined 
thickness. Since the height of the plating layer 45 is high in the high place of the top sheet layer 43 and 
becomes low in a low place, the upper surface of the plating layer 45 serves as irregularity. The structure 
of the middle article which ended the process so far is shown in drawing 6 . 

[0022] Then, CMP (Chemical Mechanical Polish) is given for a middle article to this middle article so 
that it may become the flat side where height is equal to the upper surface of a photoresist layer 37. The 
structure of the middle article which ended the process so far is shown in drawing 7 . 
[0023] Then, it plates with gold on the upper surface of the top interstage metal part 49, and the gilding 
layer 53 is formed in the upper surface of the top interstage metal part 49. The structure of the middle 
article which ended the process so far is shown in drawin g 8 . 

[0024] Then, this middle article is immersed in the organic solvent. Thereby, above the bottom seed 
layer 31, only the portion which has covered the pillar-shaped metal body 34 and the stage type metal 
body 48 of the top sheet layers 43, the stage type metal body 48, and the gilding layer 53 remain, and 
PMMA32 and a photoresist layer 37 are removed. The state so far is shown in drawin g 8 . 
[0025] Although the process which makes the middle article of drawing 5 , i.e., the process which 
deposits the top sheet layer 43, was established in order to obtain the middle article of drawing 6 from 
the middle article of drawing 4 When the difference of the path of the interstage portion 39 for top 
moulds of the stage type hollow 38 for moulds and the interstage portion 40 for bottom moulds is small 
The interstage portion 40 for bottom moulds receives one interstage portion 39 for top moulds, 
moreover, two or more In a certain case, when the difference of the sum total area of the cross section of 
two or more interstage portions 40 for bottom moulds and the area of the cross section of one interstage 
portion 39 for top moulds is small The middle article of drawing 6 can be directly obtained from the 
middle article of drawing 4 by using the upper surface of the pillar-shaped metal body 34 as seed of 
plating, without manufacturing the middle article of drawing 5 . 

[0026] Drawing 10 is explanatory drawing in the case of applying this invention to the resist of a 
negative mold. In drawing 10 (a), after being applied on the substrate layer 60, baking processing of the 
photoresist layer 61 is carried out. Thickness of the photoresist layer 61 in the product of drawing 10 (a) 
is set to d5. the product of drawing 10 (a) - receiving - the exposure operation O - 5 and 06 are given, 
after that, negatives are developed and the structure of the product obtained in this way is shown in (b) 
of drawing 10 , and (c) When the exposure operation 05 and the exposure time in 06 are set to T5 and 
T6, T5 When a photoresist layer 61 is exposed in the corresponding-point grade of the upper surface of 
the residual photoresist 62 It is set as the exposure time in which the residual photoresist 62 with the 
original thickness d5 of a photoresist layer 61 remains as it is. T6 When a photoresist layer 61 is 
exposed in the corresponding-point grade of the upper surface of the residual photoresist 63, it is set as 
the exposure time in which the residual photoresist 63 of the height d6 (d6<d5) from the substrate layer 
60 remains. That is, if a photoresist layer 61 is made to expose with undershirt light exposure, the 
solubility of this exposure part of the upper surface of a photoresist layer 61 will fall according to this 
hght exposure, and the film remainder will arise after development. Therefore, d6 decreases, so that 
undershirt light exposure is small. About the product of drawing 10 (a), to a photoresist layer 61, the 
product of drawing 10 (d) performs exposure operations 05 and 06, next develops them, and is 
manufactured. In addition, the pattem of the mask pattern used in the exposure operations 05 and 06 
corresponds to the configuration of the top interstage photoresist portion 66 and bottom interstage 
photoresist partial 67 cross section, respectively, and differ mutually. In this way, with the structure of 
the residual portion of a photoresist layer 61, the stage type photoresist 65 which has the top interstage 
photoresist portion 66 and the bottom interstage photoresist portion 67 up and down was obtained, and 
the top interstage photoresist portion 66 is settled inside the bottom interstage photoresist portion 67 in 
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******. Moreover, in the viewpoint of the structure of the removal portion of a photoresist layer 61, if 
structure is described, the stage type hollow 70 for moulds corresponding to the stage type photoresist 
65 will be obtained. The stage type hollow 70 for moulds is equipped with the interstage portion 72 for 
top moulds and the interstage portion 73 for bottom moulds corresponding to the top interstage 
photoresist portion 66 and the bottom interstage photoresist portion 67 by up-and-down arrangement, 
respectively. 

[Translation done.] 
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PRIOR ART 

[Description of the Prior Art] In this specification, a substrate and anti -substrate side is made into the 
thing of explanation suitably called the bottom and bottom, respectively for convenience. The micro 
machine which equips a stage type metal body may be manufactured using a semiconductor . 
manufacturing technology. By the conventional manufacture method of the stage type metal body of a 
micro machine, corresponding to each interstage metal part of a stage type metal body, the process 
which made the deck formation of a resist and formation of the space portion for moulds for the 
interstage portions for correspondence moulds to this resist was carried out, and only the number of the 
interstage metal part of a stage type metal body has repeated the process of this deck. In this case, in 
order to prevent the interchange mix with a lower photoresist layer and an upper photoresist layer, the 
interchange mix prevention layer is made to intervene among both photoresist layers. Existence of an 
interchange mix prevention layer has the problem referred to as making removal of itself, and removal 
of the photoresist layer under an interchange mix prevention layer difficult or complicated while tending 
to become the cause which generates an unusual pattern to a lower photoresist layer with exposure of an 
upper photoresist layer. 

[0003] JP,1 1-8249,A indicates forming the space of a taper- like cross section in a photoresist layer by 
performing exposure which changed the depth of focus and light exposure respectively to the same 
exposure part of a photoresist layer. It is only that the method of JP,1 1-8249,A adjusts the depth of 
focus, and carrying out exposure operation in which light exposure differs, using the mask pattem from 
which a pattem differs is not suggested. 

[0004] In a photoresist layer, it exposes with the 1st light exposure to the 1st exposure part by the 1st 
exposure operation, next JP,7-121825,A is by the 2nd exposure operation. It indicates exposing the 2nd 
exposure part which does not overlap the 1st exposure part partially with the 2nd different light 
exposure from the 1st light exposure, next developing negatives, removing the corresponding point of a 
photoresist layer, and forming the processing side where height differs in the 1st and 2nd exposure parts 
left to both photoresist layers. It is only indicating adjusting the height of the upper surface after 
development, and the method of JP,7-121825,A is difficult to apply for formation of a stage type 
hollow. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] When the positive-type photoresist layer of predetermined material is exposed by optical 
predetiermined intensity, it is the graph which shows the relation between the exposure time about this 
photoresist layer, and the thickness of the resist film removed from a front face after exposure and 
development. 

[Drawing 2] the exposure time — every of drawing 1 - it is drawing showing the hollow formed by the 
lithography made to correspond to PI, and P2, P3 and P4 

[Drawing 3] It is structural drawing of a photoresist layer with which the stage type hollow for moulds 

was formed of exposure operation of multiple times in which light exposure differs. 

[Drawing 4] In process process in which the stage type metal body of a micro-actuator is manufactured, 

it is structural drawing of the middle article at the time of a predetermined process end. 

[Drawing 5] It is structural drawing of the middle article obtained by giving a predetermined process to 

the middle article of drawing 4 in process process in which the stage type rnetal body of a micro-actuator 

is manufactured. 

[Drawing 6] It is structural drawing of the middle article obtained by giving a predetermined process to 
the middle article of drawing 5 in process process in which the stage type metal body of a micro-actuator 
is manufactured. 

[Drawing 7] It is structural drawing of the middle article obtained by giving a predetermined process to 
the middle article of drawing 6 in process process in which the stage type metal body of a micro-actuator 
is manufactured. 

[Drawing 8] It is structural drawing of the middle article obtained by giving a predetermined process to 
the middle article of drawing 7 in process process in which the stage type metal body of a micro-actuator 
is manufactured. 

[Drawing 9] It is structural drawing of the middle article obtained by giving a predetermined process to 
the middle article of drawing 8 in process process in which the stage type metal body of a micro-actuator 
is manufactured. 

[Drawing 10] It is explanatory drawing in the case of applying this invention to the resist of a negative 
mold. 

[Description of Notations] 

20 Substrate Layer 

21 Photoresist Layer 

23 Stage Type Hollow for Moulds 

24 1 st Interstage Portion for Moulds 

25 2nd Interstage Portion for Moulds 

26 3rd Interstage Portion for Moulds 

38 Stage Type Hollow for Moulds 

39 Interstage Portion for Top Moulds 

40 Interstage Portion for Bottom Moulds 
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48 Stage Type Metal Body 

49 Top Interstage Metal Part 

50 Bottom Interstage Metal Part 
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DRAWINGS 



[Drawing 1] 
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[Drawing 71 
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